In Brazil, since informal and self-managed construction projects are compromising the individual and collective scale of multi-story apartment construction, this study aims to clarify the nation's support and infill (SI) system division, as well as its implementation requirements, in terms of housing demands, national laws, and the development level of the housing industry. To accomplish this, 16 remodeled apartments were examined and interviews were conducted with a number of Sao Paulo real estate developers and managers.
Introduction

(1) Research Background and Purpose
This study is based on Open Building concept 1) , and more particularly, on the SI System principle 2)3)4) , which separates decision-making in a residential environment, according to a subsystems approach that distinguishes parts that should adapt according to the user's needs (Infill) and parts that should endure (Support). This basis has turned dwellings into user-oriented goods in Japan and could be restructured to bind benefits of industrial progress and new societal values in Brazil.
Currently, there is little background about Open Building in Brazil. The most closely related speculation was written by Brandao 5) as part of a study on apartment spatial flexibility, and by Nascimento et al. 6) in a study on the open building approach for social housing. Accordingly, there is little evidence on apartment adaptation towards Open Building notions.
In Brazil, multi-story dwellings have long been dismissed from housing programs as unable of providing decent home conditions for low-income people 7) . Rather, innovative housing concepts have always first been experienced by high-income families 8) . I.e., multi-story housing used to be a custom-built product for Brazilian higher income classes, even though such typology does not hold an elitist connotation in its origins. Now, the structure and partitions of Brazilian apartments are primarily built with masonry because this method is inexpensive and meets the low-income housing demand. However, the technique offers low adaptability and unclear support and infill (SI) division. Furthermore, regardless of the household's income, most renovations are self-managed 9) , and it should be noted that, even though remodeling regulations exist, condominium decisionmaking is typically organized in homeowners associations (HOAs) *1) , and is thus usually managed by unskilled chairpersons (Law 4,591, 1964) . Since such informal construction management have come to threaten the individual and collective scale of apartment buildings 10)11) , this study aims to clarify the SI system division in Brazil, as well as its applicability by observation of remodeled apartments.
(2) Research Questions 1) In Brazil, dwelling adaptation is commonplace 7)12) . Are renovation purposes in Brazil different from those in Japan?
2) Brazil is not as earthquake prone as Japan 13) , thus building policies can be less restrictive. Does this mean that Brazilian dwellers have more options and/or can remodel more often?
3) The recent growth of the Brazilian economy has been widely noticed and discussed in many aspects 14)15) . How (3) Housing Stock Classification and Urban Context of Sao Paulo Throughout its history, Brazil's housing policies have emphasized the promotion of home ownership in formal markets as the best way of meeting the housing needs of the population, thereby assigning an inferior status to rental units 16) . As a result, the housing stock Brazil is primarily owned, regardless of household income. Compared to the sum of detached dwellings, apartment availability is very low at metropolitan and national levels. Also, these apartments are concentrated in the city center and mostly belong to the upper-middle-class income population (Figs. 1 & 2). Since the late 1980s, downtown Sao Paulo has been undergoing a renovation in order to keep it within the network of global cities.
The renewal strategies have caused an increase in property values, resulting in urban gentrification. Hence, some groups are experiencing conflicts of interest between state, market, and popular classes, often relating to segregation and safety issues.
Survey Outline
This research is focused on remodeled upper-middle-class owned apartments in the center of the city of Sao Paulo (Table 1) .
Fieldwork activities were carried from July 11 to 31, 2012, as outlined in Table 2 , with the help of two architectural students.
Due to the social gap and urban issues already mentioned, Sao Paulo residents are very suspicious of outsiders. Thus, the investigation was built on observations of 16 remodeled homes selected through snowball sampling (friends referring to friends).
Even though the representativeness of the samples could be questionable, it could be assumed that the data had little bias, as shown in Fig. 5 , which confirms a user stratification profile that is similar to the national level, as is shown in Figs. 1 and 2. 
Management of Adaptations in Apartment Buildings
Several agents make up the contemporary real estate market and handle all work related to the production and adaptation of multi-story dwellings in Brazil. Based on previous studies and interviews with company agents in Sao Paulo 8) 19) , adaptation management could be classified into the before and after key delivery stages ( Fig. 3 ). (Table 3) . Buildings age from 23 to 44 years, and years of residence vary from 2 to 41. Unit areas vary from 61.5m 2 to 188.7m 2 , and the number of dwellers per unit ranges from 1 to 5 people (Table 4 ). See Figure 5 Still, according to interviews, 50% of the householders were temporary residents. Within households with permanent purpose, the reason for moving in was primarily associated with relationship enhancement, such as having a larger space to raise children, or to be near the householder's parents. In turn, within households with temporary aspect, the reason for moving in was more associated with evading a previous condition, i.e., personal independence, changing jobs, or departing from other neighborhoods for safety reasons (Fig. 4 ).
Fig.4 Household Condition and Purpose
The dwellers were mostly between 30 to 59 years old (16 people), followed by elderly persons aged 60 years or older (10 people). Nine cases consisted of prior residents that had grown up, divorced and moved out, or passed away, indicating households' maturity. Based on monthly income, these families could be split in three groups *4) : high, upper-middle, and lower-middle ( Fig. 5 ).
Fig.5 Households Income Classification (2) Original Floor Plan Features
The model used for most contemporary Brazilian dwellings is based on the 19 th century bourgeois concept of three parts: social, service, and personal 5) . The sampling showed typical floor plans, mainly built with three-bedrooms, one of which is a suite. The suite comprises of a master bedroom, often larger than the others, and a private bathroom. Additionally, the presence of the maid's room indicates another bedroom and bathroom set. Thus, the standard of a dwelling unit is better reflected in the number of bathrooms. The largest samples IS, PM, GE, MV, and RI, with over 120 m 2 , have up to 4 or 5 bathrooms (Table 6 ).
Dwelling Adaptation Analysis
( Table 5 ). Remodeling Information I) Electricity, plumbing; VII) S (plaster ceiling removed); VIII) K (window), All rooms (door handles replaced); IX) W1, W2; X) K, HO;
Living Room (L) Bathroom 1 (W1) Kitchen (K) Bathroom 2 (W2) IS1 Before After IS2
Before After
Remodeling Information V) All rooms, except W (windows); VI) D, K; VII) All rooms (tiles, wood, plaster); VIII) All rooms (doors); IX) K, W1, W2; X) K, R1, R2, R3, M, S, E;
Remodeling Information I) Electricity, plumbing; V) All rooms (windows); VI) LD, K, R3, S; VII) All rooms (tiles, wood, plaster); VIII) All rooms (doors); IX) K, W1, W2; X) K, R1, R2, R3, A; ─ 1506 ─ Table 6 Apartment Adaptations Before and After (2-2)
IS3
Before After PM1
Remodeling Information I) Plumbing; VI) L, D, M; VII) All rooms (tiles, wood, plaster); IX) K, W1, W2; X) HT, HO;
Remodeling Information I) Electricity, gas; V) All rooms (windows); VI) K, W2, W3, W4, W5, M1, M2; VII) All rooms (tiles, wood, plaster); VIII) All rooms (doors); IX) K, W1, W2, W3, W4, W5, W6; X) All rooms;
Home-Theatre (HT) Home-Office (HO) Kitchen (K) Bedroom 5 (R5)
IC1
Before After GE1
Remodeling Information V) All rooms (windows); VI) K; VII) All rooms (tiles, wood, plaster); VIII) All rooms (doors); IX) K, W1, W2; X) K, R1, R2;
Remodeling Information II) B; IV) B; V) B; VI) E; VII) K, W1, W2, W3, S (wall tiles, plaster); IX) K, W1, W2; X) K, R1, R2, R3, R4;
Living Room (L)
Remodeling Information I) Fireplace removed, plumbing; VI) R4; VII) All rooms, except LD (tiles, wood, plaster); VIII) R4; IX) W1(bathtub removed); X) R2, R3, R4;
Remodeling Information I) Gas; III) Entrance hall (floor tiles); VI) LD, K, R1, W3, W4; VII) All rooms, except LD (tiles, wood, plaster); VIII) All rooms (door handles); IX) K, W1, W2, W3; X) D, K, R2, R3, C; there was also social change. Specifically, it was noted that the maid's room had been removed from 11 of the 15 samples *5) (Table   6, MG1~5; IS2; IS3; PM1; MV1; RI1; ST1) , and it was judged essential to study the reasons and effects for this particular adaptation. Those maid's rooms that remain as originally planned could be explained by two reasons: either the maid still lives with the family (IS1), or the room is left when contiguous to a toilet or laundry room (MR1, IC1, GE1). The adaptations could be split into two cases: demolition to expand adjacent rooms or renovation for functional change (Fig. 7) . However, in the past decade, Brazil's professional classes have burgeoned and the lower-middle class has been growing. (Fig. 9 ).
This has reduced the availability of cheap labor for domestic hires, and the maid's room design itself has come to be seen as reflecting obsolete values. As families stopped hiring servants, maid's rooms became available for other purposes. However, it should be noted that the room size is often not appropriate for some activities, and the maid's bathrooms, which is always paired with such rooms, might require pipe relocation *6) . As a result, depending on the layout, these tiny rooms are sometimes left idle or are simply utilized for storage.
(3) SI System Division through Analysis of Individual Decisions
In order to clarify SI system division in Brazil, we examined the range of individual decisions within different building levels. As a result, via fieldwork data analysis, several adaptation types were identified and classified as shown in Table 7 . 
Amount of Samples
Collective gray zone Individual decision-making common level interior level ─ 1508 ─ division, legislation) and practice (actual construction methods), it could be assumed that interior partitions, exterior fixtures, balcony enclosures, and exterior cladding are within a gray zone between individual and collective decision-making ( Fig. 10 ).
(5) Self and Professional Management Analysis
To assess the informality of the dwelling adaptation market, we investigated the involvement of technical expertise in SI adaptation. Adaptation management methods were arranged according to the contract type (Table 3) . Then, through interviews, rates were established for each adaptation type. It is important to note that in samples (MG1), (IS1), (IS2), and (MQ1), the adaptations were overseen by a family member that was qualified in the construction sector. These cases were classified as designbuilding-management contract instead of do-it-yourself. The results revealed that the involvement of experts is more related to the common level ( Fig. 11 ).
Fig.11 Support and Infill Adaptation Management
Note that support adaptations generally require technical expertise, but that our samples include cases of self-management at this level. It could be assumed that it may be difficult to hire a professional to handle these adaptations, since they are mostly illegal.
(6) Industrialization of Infill Components: Furniture
Depending on the production method, furniture could be classified into six types (Table 8) : found that most furniture was custom-made, semi-standard, or built-in (Fig. 12 ). In the case of bedroom design, built-in furniture is more popular. Among these, there were seven cases where the furniture had later been adapted by carpenters.
Fig.12 Bedroom and Kitchen Furniture Sampling
In the case of kitchen design, custom-made furniture was predominant, but semi-standard furniture is also very popular and different results can be obtained by including samples of other income strata. In semi-standard kitchens made in Brazil, furniture is usually roughly prefabricated in modules for later assembly. For instance, cabinet tops are often made of marble, thus requiring an on-site measurement, after the assembly stage, to provide a perfect fit. DIY and standard furniture are also popular in Brazil, but could not be found within these samples examined, probably because of the dweller age and income levels.
However, self-and custom-assembly are not popular. Taken together, the market profile for furniture suggests a low level of industrialization that is highly dependent on skilled carpentry work. However, even though the management of boundaries and common elements in multi-story dwellings is covered by Brazil's national laws, the relationship between individuals or user groups within these boundaries may vary depending on the region. For instance, climate differences between the north and south of the country may implicate a different user relationship with balconies. Therefore, it is recommended a review of local building policies regarding the definition of boundaries and common elements be conducted. This way, the SI system could be used to prevent building and management problems, improve the quality of living, and assure longer life spans for residential buildings in Brazil. Moreover, in order to help build a housing system that will include a wider group of users, future works should consider other income groups, embrace a larger amount of adapted apartment samples and/or detached dwellings, and should cover the nation's five climatic subtypes. *2) A gourmet kitchen in Brazil is understood as a concept that involves integration with living and dining rooms, with the purpose of turning the act of cooking into a social event. Often related to high-income users, it does not replace the everyday kitchen.
Conclusions and Recommendations
*3) The homeowners were absent. The maid of (MG1) and the neighbor of (MG5) kindly hosted our visit. *4) Monthly Wages in Brazilian Real (BRL) were converted to US dollar exchange value in Brazil at the moment of the survey and classified according to the World Bank Atlas income division of 2013.
*5) Sample MQ1 does not have a maid's room in its original plan. *6) Typical buildings in Brazil have mechanical fixtures, wiring, pipes, and ducts embedded into the load-bearing structure. This makes pipe relocation or renovation difficult because the components are assembled with no regard to their different life cycles and/or the functional purposes in the building. Such as, bathroom pipes are built within cavities inside the bricks, covered with a layer of concrete, and then another layer of ceramic tiles. As a result, it is basically impossible to replace one component without disturbing its relation with other components, or demolishing them all completely. *7) Adapted from: Japan. Ministry of Land, Infrastructure, Transport and Tourism: Skeleton Infill Housing, Skeleton Infill Bulletin, 2003. *8) According to the Civil Code of Brazil, Art. 1,336, of the duties of condominium dwellers are as follows: I) To contribute to condominium expenses, according to their shares of the property; II) To refrain from any construction work that could compromise the building safety; III) To refrain from modifying the facade shape and color, as well as its parts, and exterior frames; IV) To maintain the original purpose of the building and refrain from using it in any way that would disturb peace, health, safety, and morality of others.
